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WaxAbstract The dewaxing of parafﬁnic lube stocks is an essential step in the production of lubricants
to improve the operability of machines especially in winter. The present work deals with study of
the urea dewaxing process of two types of Egyptian vacuum distillates. The effect of different
compositions of methanol to water saturated with urea and yield of the oil, percent of wax, pour
point, refractive index, viscosity, viscosity index and speciﬁc gravity of the oil produced from the
two types of distillates (I and II) were evaluated. The operating conditions of the urea adduct
formation with n-parafﬁns using methanol to water mixture achieved the best pour point at
3.88 C from an initial temperature of 4.4 C for distillate I at (25/75) methanol to water. At
the same ratio of methanol to water the best speciﬁc gravity of oil produced changed from 0.865
to 0.867, with viscosity index of 80. Percent yield of 50% for oil and percent wax of 50% were
obtained. Results for distillate II, of higher speciﬁc gravity, are comparatively higher than those
for distillate I. Experiments were carried out at room temperature.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research
Institute. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Crude oil [1] is a complex mixture of a variety of hydrocarbons
ranging from methane to extremely large nonvolatile mole-
cules. Frequently, this complex mixture requires various treat-
ment techniques to improve its property. Distillation is most
frequently employed to separate the sample into molecular
weight ranges of manageable portions. These crude oils are
fractionated to gaseous and low boiling hydrocarbons,gasoline boiling range, kerosene fraction, middle distillates,
and vacuum distillates. Waxy rafﬁnates from extraction are
not useful as lubes because they contain too much wax [2–6].
As shown in Fig. 1 dewaxing is a physical process that adds
solvent to a rafﬁnate (or distillate) and once the mixture is
cooled, the n-parafﬁns drop out of the solution as solid wax
crystals. The slurry is ﬁltered to remove the wax crystals and
produce dewaxed oil or base stock and a valuable wax by-
product. Waxes may be further reﬁned to make hard waxes
by melting and separating the soft wax. There are many
processes for dewaxing [7,8]; Catalytic dewaxing, Solvent
dewaxing, Propane dewaxing, Methyl ethyl ketone (MEK)
Dewaxing and Urea dewaxing which had a brief period of suc-
cess in the 1950s to 1960s and which removed normal parafﬁns
Figure 1 Flow chart of solvent dewaxing.
Figure 2 Schematic view of the experimental system.
242 E.M.R. Nassef, H.S. Salahusing shape selective in a process for improving liquid mineral
oil characteristics. It comprises reacting the said liquid mineral
oils with urea in the presence of an organic solvent to form
solid; n-parafﬁn–urea adducts and separating the said adducts
from the slurry of the dewaxed mineral oil. The adduct is then
decomposed or extracted to recover and recycle the urea and,
the n-parafﬁns. As the solvent is added to the waxy rafﬁnate
the viscosity of the oil solvent mixture decreases allowing ﬁltra-
tion to take place more easily. The polarity of the oil–solvent
mixture increases, decreasing the solubility of the wax [8]
and promoting the formation of more compact wax crystals.
As the solvent is added the resulting ﬁltrate becomes more
dilute, loading up ﬁltrate pumps and solvent recovery facilities.
In selecting solvents for dewaxing speciﬁc considerations
should be given such as the solvent boiling point should be
lower than the boiling point of the oil, low heat capacity,
low viscosity, non-toxicity, non-corrosiveness, low freezing
point, inexpensiveness, and ready availability. The properties
mentioned above seem to be satisﬁed in dewaxing by urea
enhanced by methanol and water as a solvent and it is expected
to make it the best among other processes [7,8]. Several works
have been published in the literature covering these ideas
[9–17], however an emphasis will be put on related work to
the treatment adopted here. In this work urea will be used as
an adducting agent applied to Egyptian vacuum distillate using
methanol as a solvent as a promoter and activator for adduct
formation. To the best of author’s search no work has been
done along this line.
2. Experimental part
The experimental set-up used in this work as well as the mate-
rials utilized will be presented. Property evaluation methods
are also shown.2.1. Experimental set-up
The experimental set-up used in the present work is schemati-
cally shown in Fig. 2. The reaction vessel consists of a conical
ﬂask provided with a mechanical stirrer for mixing. A hot plate
adjusted at the reaction temperature is connected to a distilla-
tion unit used to recover the solvent. The wax and oil weights
are determined using a digital balance.
2.2. Materials
Vacuum distillates (I and II) were obtained from El El-Ameria
Petroleum Company in Alexandria, Egypt. The characteristics
of the raw distillates are shown in Table 1. The saturated urea
solutions in different solvents were prepared by using analyti-
cal grade urea dissolved in distilled water, absolute methanol,
and a mix of methanol and water as needed for the experimen-
tal condition investigated. Toluene; nitriﬁcation grade, was
Table 1 Physical characteristics of feed distillates (I and II)
are obtained from El-Amria petroleum reﬁnery company
[APRC], Alexandria, Egypt.
Physical characteristics (feed) Distillate (I) Distillate (II)
Speciﬁc gravity at (15/4 C) 0.8465 0.8641
Pour point (C) 35 40.55
Flash point (C) 390 415
Viscosity at (100 C) 3.36 4.87
Refractive index at (70 C) 1.4556 1.4608
Oil (%) 65.5 67
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Figure 3 Effect of composition mixture (methanol:water) for
distillate (I and II) on the pour point of produced oil.
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Figure 4 Effect of composition mixture [water–methanol] satu-
rated with urea for distillate (I and II) on the refractive index at
20 C.
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Figure 5 Effect of composition mixture [water–methanol] satu-
rated with urea for distillate (I and II) on the refractive index at
70 C.
Vacuum distillates by urea dewaxing 243used as a solvent for washing the oil product. Parafﬁnic wax
was separated as wax urea adducted after each run and
weighted.
2.3. Experimental procedure
For each experiment the reaction mix was prepared by weight-
ing 200 g of a distillate and saturated solution of urea was
added to the distillate at 70 C to ensure the ﬂuidity of the
material. Complete adduction took place, shown by the sepa-
ration of the mixture into two distinctive layers; oil layer and
wax layer. The wax layer was washed by toluene and ﬁltered.
The oily layer with its solvent added in the very beginning
was recovered in a distillation unit and pure dewaxed oil was
obtained and weighted. The urea wax adduct mixture was
washed with hot water and two layers were obtained and sep-
arated in a separating funnel; wax layer and urea solutions.
The urea can be reused and the wax is collected. After each
run was accomplished the pour point, viscosity at (100 C,
40 C), viscosity index, speciﬁc gravity and refractive index
were determined according to ASTM (D97, D445, D1298)
respectively. However the oil and wax yields were determined.
The percent yield was calculated as follows: (% yield =
(amount of oil/amount of sample) · 100)).
3. Results and discussion
The dewaxing of the Egyptian vacuum distillates of speciﬁc
gravity 0.8465 and 0.8641 respectively was carried out using
saturated urea solution as adducting agent with methanol as
a promoter. The properties of the oil produced were evaluated
under the different conditions investigated. Pour point of the
oil produced which is the lowest temperature at which it will
pour or ﬂow under prescribed conditions was measured as
an indication of the ﬂuidity. The effect of urea mixture compo-
sition (methanol to water) on pour point for distillates (I and
II) is shown in Fig. 3. It is observed that the pour point
decreased as the percent methanol to water increased up to
25% methanol, then it increased again. This is ascribed to
the fact that as the amount of methanol increased an improve-
ment of the adduction of wax from the distillate was obtained.
Further increase of methanol decreases the solubility of urea in
water which makes it incapable of forming the adduct. The
increase in methanol so far alone cannot lead to adduction
thus the amount of wax increased and the pour point
increased. The same behavior was observed for the results
obtained using distillate II of higher density but with higher
values for pour points as also shown in Fig. 4.The effect of urea mixture composition for distillate ( and
II) on refractive index at 20 C and 70 C is shown in Figs. 4
and 5 respectively. Up to 25% methanol a slight increase in
the refractive index was observed which decreased slightly
beyond 25%. This behavior can be attributed to the fact that
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Figure 6 Effect of composition mixture [water–methanol] satu-
rated with urea for distillate (I and II) on the speciﬁc gravity of oil.
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Figure 7 Effect of composition mixture [water–methanol] satu-
rated with urea for distillate (I and II) on viscosity at 40 C of oil.
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Figure 8 Effect of composition mixture [water–methanol] satu-
rated with urea for distillate (I and II) on viscosity at 100 C of oil.
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Figure 9 Effect of composition mixture [water–methanol] satu-
rated with urea for distillate (I and II) on viscosity index of oil.
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Figure 10 Effect of composition mixture [water–methanol]
saturated with urea for distillate (I and II) on % yield of oil.
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Figure 11 Effect of composition mixture [water–methanol]
saturated with urea for distillate (I and II) on percent wax.
244 E.M.R. Nassef, H.S. Salahan amount of parafﬁnic wax was removed which leads to an
increase in the aromatic content of the distillate [10]. This is
reﬂected in an increase in the refractive index. At 70 C and
speciﬁcally for the low density distillate there is a noticeable
increase in the refractive index up to 25% methanol then a
decrease. The light parafﬁnic wax removed will contribute to
increase in the density of the product [14]. It should be empha-
sized here that the same behavior is noticed with an increase
from 0% to 25% methanol then it decreases again as also
shown in Fig. 6).
The results of viscosity determination at 40 C and 70 C
are shown in Fig. 7. As expected the viscosity decreases withan increase in temperature in addition to a slight increase in
the viscosity up to 25% methanol which decreases later as pre-
sented in the preceding discussion. On increasing the amount
of methanol the solubility of saturated urea adduct will
decrease thus the amount of wax extracted is relatively
decreased then the viscosity and speciﬁc gravity will decrease
again (Fig. 8).
Vacuum distillates by urea dewaxing 245The same behavior is observed for the viscosity index as
shown in Figs. 9 and 10. The same discussion for the graphs
applies. Furthermore the percent wax increases up to 25%
methanol and then decreases which clearly indicates why all
the other properties are increasing due to the decrease in the
amount of wax as shown in Fig. 11. This is supported by the
fact that solubility of urea in water is approximately ﬁve times
as much as that in alcohol [17].
References
[1] H. James Gary, E. Glenn Handwerk, Petroleum Reﬁning
Technology and Economics, fourth ed., Marcel Dekker Inc,
New York, 2001.
[2] J.G. Speight, The Chemistry and Technology of Petroleum,
fourth ed., CRC Press Taylor and Francis Group, LLC, 2007.
[3] N. Board, Modern Technology of Petroleum Greases,
Lubricants and Petrochemicals, NIIR Project Consultancy
Services (NPCS), India, 2004.
[4] J.J. Connor, J. Boyd, Standard Hand Book of Lubrication
Engineering, McGraw-Hill Book Co., New York, 1968.
[5] M. Ferund, R. Csikos, S. Keszthelyi, G.Y. Moze, Parafﬁn
Products, Properties, Technologies and Applications, Elsevier
Scientiﬁc Company, Amsterdam, The Netherlands, 1982.
[6] M. Salama, Production of low freezing jet and diesel fuel from
Egyptian petroleum distillates, M.Sc. Thesis in, Cairo University
in Egypt, 1974.
[7] A.K. Abdul-Halim, R.R. Yasin, Dewaxing of distillate oil
fraction 400–500 C using urea, Journal of Engineering,
Baghdad University 13 (2007) 1268–1280.
[8] A.A.K. Abdul-Halim, N.S. Akram, The effect of operating
conditions of urea dewaxing on the pour point of lightlubricating oil, Iraqi Journal of Chemical and Petroleum
Engineering Journal (2010) 11.
[9] Campbell, J. M., U. S. Pat. 2,405,560 (Aug. 13, 1946).
[10] D.F. Varfolomeev, Ya.G. Geletii, V.V. Tyurin, M.A. Galimov,
Improvement of urea dewaxing process for diesel fuels,
Chemistry and Technology of Fuels and Oils 10 (1) (1974) 6–8.
[11] A.A. Hassan Farag, V.A. Matishev, R.A. Virobyants, Urea
dewaxing of middle fractions of Morgan (UAR) petroleum,
Chemistry and Technology of Fuels and Oils 8 (9) (1972)
663–667.
[12] A.G. Martynenko, M.S. Karamyshev, P.G. Igonin, Yu.A.
Korzhov, V.A. Vaidukov, Use of hydrocyclones in urea
dewaxing, Chemistry and Technology of Fuels and Oils 23
(12) (1987) 564–566.
[13] A.G. Ismailov, I.D. Babaev, N.K. Guseinova, Experience in
shakedown operation of unit for diesel fuel dewaxing with
alcohol–water urea solution, Chemistry and Technology of
Fuels and Oils 19 (11) (1983) 529–531.
[14] E´.L. Borovneva, A.G. Martynenko, Quality of wax obtained in
urea dewaxing of diesel fuels in relation to choice of solvent,
Chemistry and Technology of Fuels and Oils 9 (4) (1973)
262–263.
[15] A.G. Ismailov, E.Sh. Abdullaev, F.N. Novruzov, A.Sh.
Gadzhiev, Dissociation of adduct during washing in urea
dewaxing process, Chemistry and Technology of Fuels and
Oils 20 (6) (1984) 300–302.
[16] N.Ya. Rudakova, N.I. Chernozhukov, Effect of treatment of
dolinsk petroleum with urea on the solidiﬁcation temperatures
of its cuts, Chemistry and Technology of Fuels and Oils 8 (1)
(1972) 22–26.
[17] I. Perry, H. Robert, Perry’s Chemical Engineering Handbook,
eighth ed., McGraw Hill Company, 2008.
